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V. Kolios, K. Giannakidis, G. Kalivas massive amount of the deployed portable devices (Smartphones, tablets etc.). In addition, the millimeter-wave front-end transceiver technology is growing rapidly. The available spectrum ranges from 5 to 9 GHz depending the country, and has four sub-channels of approximately 2.16 GHz wide, as shown in Fig. 1 . The possible applications which benefit from this extremely wide available spectrum in the 60 GHz band around the world, are many: (a) Wireless Personal and Local Area Networks (WPAN/WLAN) [1] , (b) replacement of the wired connection between High-Definition devices (HDMI cable) from point-to-point streaming video links at 60 GHz [2] , (c) Wireless ad-hoc communications e.g. notebook to notebook, notebook to printer, notebook to camera, camera to printer, notebook to TV, tablet to camera, camera to TV etc., (d) Wireless Sensor Networks (WSN) and many other applications. instead of an active one is mandatory at millimeter-wave frequencies. The balun structure has relatively small dimensions, 120×120 µm 2 , and was designed using the higher and thicker metal layers of the technology for lower losses. For a better isolation of the structure from the substrate and a significant improvement of the overall performance a Patterned Floating Shield (PFS) was designed using a lower metal layer [11] - [12] . Through extensive Electromagnetic Simulations (EM) by using the ADS Momentum, we obtained the optimum design considering the metal width, the number of turns and sizing in order to achieve low insertion loss, minimum phase and amplitude imbalances. It is reasonable for the signals at the differential output of the balun structure to show some imbalance in amplitude and phase considering the imperfections of the designed balun structure such as symmetry, and also the technology's characteristics.
In order to quantify these imbalances (Amplitude and Phase Imbalances, AI and PI), the S-parameters are used through the following equations:
Another significant parameter for characterizing the balun performance is Insertion Loss (IL). Considering that the balun structure is designed using metals, these In Fig. 6 and 7, the simulation results are presented for the CG and NF where the RF signal was set at 60.48
GHz and the LO at 55.48 GHz. These figures show In order to evaluate the performance of the proposed single-balanced mixer, the simulation results are compared with the results of similar state-of-art mixer topologies in recent literature [6] - [7] , in Table I . It is evident from Table I , that with the proposed design we achieve much higher CG from the proposed mixer in [6] , while the NF retains an approximately similar value. The ability to control the basic performance parameters of the proposed design, offers a more adaptable circuit and for example, by deactivating the current bleeding we obtain an improved 1-dB Compression Point (CP1dB) and 3rd
order Input Intercept Point (IIP3). A critical parameter in a mixer design is power consumption, and the proposed mixer consumes approximately 6 mW less power than the one proposed in [6] . 
LC Cross Coupled Voltage Controled Oscillator
In Eq. (3), f 0 is the carrier frequency, Q l is the loaded quality factor (Q), f m is the offset from the carrier frequency, f c is the 1/f corner frequency, F is the noise factor of the amplification process, P s is the Oscillator's output power, k is Boltzmann's constant and T is the absolute temperature in Kelvin.
Most of the factors which are presented in Leeson's equation express natural constants and the frequency of operation, and therefore, are not affected by circuit design. On the other hand, quantities like noise factor, output power and loaded Q are parameters that depend on the design of the oscillator and on the technology process used for the design of the oscillator. Especially loaded Q is a parameter of major concern, because it heavily affects the VCO's phase noise and at the same time, depends on both electrical and physical design. In Fig. 13 , the design of the proposed circuit is presented.
The LC tank consists of the CPW inductor and a varactor, which is responsible for the frequency tuning. Nevertheless, the varactor cannot be used to cover the whole bandwidth of 5 GHz, because this choice would demand a very high gain of the VCO, which would result in degrading the phase noise. For this reason, a solution involving both discrete tuning using banks of capacitors (coarse tuning), and fine tuning with the varactor, is preferable. Following this approach, the bandwidth has been divided in sixteen bands, with every band being controlled by a switch.
Equation (4) shows the dependence of loaded Q on the on-resistance (R on ) of the bank of capacitor's switches, focusing again on the phase noise. It is obvious that every switch plays significant role in the overall quality factor and it may lead to phase noise degradation.
where Q BankCap = 2 × π×f× R on × C u and C u is the capacitance unit value of the bank. Every other capacitance value of the bank of capacitors, is a power-of-two multiple of this unit value C u . This is an effective way to maintain matching between the circuit's components.
In this design, for overcoming the above mentioned In Table II , the overall performance parameters of the proposed VCO are summarized and compared with alternative promising topologies from the literature [8] - [9] , at the same frequency band. The proposed VCO, achieves much lower phase noise with less power consumption.
Conclusion
Two very important components of a wireless receiver are 
